We present new results from the Parallaxes of Southern Extremely Cool dwarfs program to measure parallaxes, proper motions and multi-epoch photometry of L and early T dwarfs. The observations were made on 108 nights over the course of 8 years using the Wide Field Imager on the ESO 2.2m telescope. We present 118 new parallaxes of L & T dwarfs of which 52 have no published values and 24 of the 66 published values are preliminary estimates from this program. The parallax precision varies from 1.0 to 15.5 mas with a median of 3.8 mas. We find evidence for 2 objects with long term photometric variation and 24 new moving group candidates. We cross-match our sample to published photometric catalogues and find standard magnitudes in up to 16 pass-bands from which we build spectral energy distributions and H-R diagrams. This allows us to confirm the theoretically anticipated minimum in radius between stars and brown dwarfs across the hydrogen burning minimum mass. We find the minimum occurs between L2 and L6 and verify the predicted steep dependence of radius in the hydrogen burning regime and the gentle rise into the degenerate brown dwarf regime. We find a relatively young age of ∼2 Gyr from the kinematics of our sample.
INTRODUCTION
Objects with spectral types L and T cover the mass range from the lowest mass hydrogen burning stars, through slowly cooling sub-stellar objects down to massive Jupiter type objects. Since the first tentative discoveries 30 years ago (Becklin & Zuckerman 1988; Latham et al. 1989 ) over 3000 are known today and this number will increase exponentially with the planned deep optical and infrared surveys (e.g. with the Large Synoptic Survey Telescope -LSST Science Collaboration et al. 2017 ; the ⋆ E-mail: smart@oato.inaf.it (RLS) Panoramic Survey Telescope and Rapid Response System - Chambers et al. 2016 ; the Wide Field Infrared Survey Telescope - Spergel et al. 2015; and Euclid -Laureijs et al. 2010) . Observations and statistical studies of these objects can be used to constrain proposed stellar/sub-stellar formation processes, local galactic kinematics, understanding giant planet atmospheres and mapping the stellar to substellar boundary. The lower mass sub-stellar objects are continually cooling and therefore changing with time which, combined with their ubiquity, make them promising galactic chronometers. To realize their promise a large sample with measured distances is needed to enable a complete calibration. Figure 1 . Distribution of parallaxes of L0 to T8 dwarfs with spectral type. The black area represents the 41 objects published before 2007, the grey area the 118 PARSEC objects and the white area represents all objects published today, a total of 356 L0 to T8 objects. There is an overlap of 66 objects between the PARSEC and published objects as discussed in Section 3.1.
The Parallaxes of Southern Extremely Cool dwarfs (hereafter PARSEC) program was instigated to generate a large sample of these objects with measured parallaxes. In 2007 only 41 L0 to T8 objects had published parallaxes, and in PARSEC we aimed to increase the sample of objects to at least 10 for each L dwarf spectral sub-type, and, included bright southern T dwarfs to increment the T dwarf coverage. In this contribution we report the PARSEC parallaxes of 118 L0 to T8 dwarfs which, combined with objects with literature parallaxes (described in Section 3), brings the total to 356 objects distributed in spectral type as shown in Fig. 1 which we refer to as the Full Sample.
For each L dwarf sub-type the number of objects is now at least 10, except L9 where we have 9. As discussed in Section 6 the ESA Gaia mission, that is measuring parallaxes for 10 9 objects, will provide a significant numbers of early L dwarfs but will have only a few late L dwarfs and less that 10 T dwarfs, so the cooler objects will remain the domain of small field pointed programs. In 2010 a complementary program to PARSEC was started on the ESO New Technology Telescope targeting late T dwarfs (Smart et al. 2013 ) that are too faint for PARSEC or Gaia.
Preliminary results for the PARSEC program have been published in Andrei et al. (2011) and Marocco et al. (2013) using observations from the first 2-3 years; here we provide results from the full program with observations covering 8 years. In Section 2 we briefly present the PARSEC program, in Section 3 we present the astrometric results and in Section 4 and 5 we present applications of these results combined with literature measures to the problem of absolute magnitude calibration, local kinematics and the location of the stellar -brown dwarf boundary.
THE PARSEC PROGRAM
The instrument, observational procedures, reduction procedures and target selection is described in detail in Andrei et al. (2011) , here we briefly summarize the main points.
Telescope and detector
The PARSEC observations where made on the Wide Field Imager (WFI, Baade et al. 1999 ) of the ESO MPIA 2.2m telescope. This is a mosaic of 8 EEV CCD44 chips with 2k×4k 15 µm pixels, for the results presented here we only used observations from the top half of CCD#7 (Priscilla). Limiting our reductions to this region was a balance between simplicity of the required astrometric transforms -the larger the adopted area being modeled the more complicated transforms were required -and number of anonymous reference stars for which we required a minimum of 12.
This telescope and instrument combination has a number of positive characteristics:
(i) The camera is fixed and stable, crucial for small field relative astrometry.
(ii) The 0.2 ′′ /pixel focal plane scale allows at least 2 pixels per full width half maximum (e.g. Nyquist sampling) even in the best seeing.
(iii) The total field size of 0.3 sq. deg. provides a large field to search for nearby companions.
(iv) This combination had already been used for the determination of parallaxes (Ducourant et al. 2007 ).
We observed all objects in the z band (Z+/61 ESO#846, central wavelength 964.8 µm, FWHM 61.6 µm) which provided the best ratio of exposure time and signal-to-noise for these very red targets.
Observational procedure
Each observation consisted of a short exposure to visually locate the target and then an application of the WFI moveto-pixel procedure to move the target to pixel 3400,3500 in CCD#7. We then made two exposures of 150 s for objects with z ≤18.0 and 300 s for z ≥18.0 offset by 24 pixels in both axes. If we found the signal-to-noise of the first exposure to be less than 100 we increased the exposure time of the second accordingly. The short location frames were saved and used in the reduction process to model the z band fringing.
To minimize differential reddening corrections (Monet et al. 1992) we attempt to observe all targets within 30 min of the meridian. The total time for each target is 10-25 min which enable an average of 3-4 targets/hour. Our observing runs were usually allocated in blocks of 3 nights spread throughout the year. Observations began on April 9th 2007 and using nights obtained via Brazilian and ESO allocations continued for four years until July 21 2011. After this date this telescope was no longer available through ESO or Brazil and we obtained three additional runs in March 2014, October 2015 and February 2016 from the CNTAC, OPTICON and a few service observations on MPIA time. In these extra runs we were able to re-observe most targets extending the coverage Delfosse et al. (1997) to over 8 years providing important leverage to separate parallax and proper motion components.
Target selection
The target lists had to meet a number of practical and scientific considerations. The combination of a variable time allocation and the requirement of observing objects close to the meridian required us to have a target list that covered the whole 24 hour Right Ascension range uniformly. To give flexibility for matching targets to conditions, and, to ensure that any target was only observed in 2 out of each 3 night run, we built redundancy into the list. With these requirements in mind we adopted the following criteria:
(ii) Magnitude in the z band brighter than 19, (iii) Between 6-8 objects in any RA hour, (iv) The brightest examples within each spectral bin, (v) A uniform spectral class distribution for L dwarfs, (vi) A photometric distance smaller than 50 pc.
The photometric distances were estimated using the 2MASS (Two Micron All Sky Survey Skrutskie et al. 2006 ) magnitudes transformed to the MKO system using Stephens & Leggett (2004) and the colour -absolute magnitude compilation given in Knapp et al. (2004) . This produced an original target list of 140 targets that can be found in Andrei et al. (2011) .
In Table 1 we list the 118 targets published here including a short name for each object used throughout this paper, the discovery name, the z band magnitude adopted at the beginning of the program and, when they exist, published values of optical/NIR spectral types, radial velocities and parallaxes. The last column summarizes any published indications of multiplicity, e.g. if the object is an unresolved binary (at the nominal WFI resolution), in a wide binary system or a moving group candidate. The distribution of the 118 targets is shown in Fig. 1 with respect to all L0 to T2 objects with published parallaxes.
Image reduction procedure
All images were bias corrected and flat fielded using standard IRAF CCDPROC procedures. The WFI z-band images have strong interference fringes that were removed using RMFRINGE with a fringe map made with three steps: 1) mask out all objects in all short exposures and four of the long exposures; 2) make a median image of the unmasked pixels scaling all images by the exposure time; 3) smooth the median image using a 5 pixel box car average. After subtracting this fringe map scaled by the exposure time from the cleaned images we again make a new fringe map and again subtract it, this time scaled by the mean sky count. We did not use all the long exposures in the construction of the fringe map as the move-target-to-pixel and masking procedures are not perfect so the resultant fringe map using all frames often had a halo around the target position. The telescope pointing is only good to a few arcseconds so in the location frames the target is rarely in the same position and this halo problem does not occur.
In Andrei et al. (2011) we adopted the Torino Observatory Parallax Program (Smart et al. 1999 , TOPP) centroiding procedures but, as discussed in Marocco et al. (2013) , we found the Cambridge Astronomy Survey Unit's imcore maximum likelihood barycentre (CASUTOOLS, v 1.0.21) more consistent so we have adopted that package to determine the centroids of all objects in the field.
Astrometric parameter determination
The astrometric reduction was carried out using TOPP pipeline procedures and the reader is referred to Smart et al. (1999) for details, here we just outline the main steps. A base frame, observed on a night with good seeing, was selected and the measured x,y positions of all objects were transformed to a standard coordinate ξ, η system determined from a gnomic projection of the Gaia DR1 objects in the frame. All subsequent frames were transformed to this standard coordinate system with a simple six constant linear astrometric fit using all common objects except the target. We then removed any frames that had an average reference star error larger than the mean error for all frames plus three standard deviations about that mean in either coordinate, or, had less than 12 stars in common with the base frame.
Since the target is not used in the fit, its positional change is a reflection of its parallax and proper motion. We fit a simple 5 parameter model to this positional change, and that of all the other objects in the field, to find their astrometric parameters implicitly assuming all objects are single. We then iterate this procedure where, in addition to removing frames as described above, we also remove stars with large errors over the sequence from the objects used to astrometrically transform frames. Finally, for the target solution we removed any observations where the combined residual in the two coordinates is greater than three times the σ of the whole solution.
The solutions were tested for robustness using bootstrap-like testing where we iterate through the sequence selecting different frames as the base frame thus making many solutions that incorporate varied sets of reference stars and starting from different dates. We create the subset of all solutions with: (i) a parallax within one σ of the median solution; (ii) the number of included observations in the top 10%; and (iii) at least 12 reference stars in common to all frames. From this subset, for this publication, we have selected the one with the smallest error. More than 90% of the solutions were within one σ of the published solution.
To the relative parallaxes we add a correction (COR in Table 2 ) to find astrophysically useful absolute parallaxes. The COR is estimated from the average magnitude of the common reference stars and the Galaxy model of Mendez & van Altena (1996) in the z band. When Gaia produces proper motions and parallaxes of the anonymous field objects we will be able to tie more precisely to the absolute system.
ASTROMETRIC RESULTS
In Table 2 we present the astrometric results for the 118 targets, listed are positions at epoch 2010, epoch of the base frame, parallaxes, proper motions, relative to absolute corrections applied (COR), number of observations used in the final solution (N * ), number of anonymous objects used as references in the transformation of sequence frames to the base frame (No), epoch coverage of the frames in the final solution (∆T). The parallax errors range from 1.0 to 15.5 mas with a median of 3.8 mas. We also constructed a comparison sample of objects from the literature with parallaxes mainly from the list maintained by Trent Dupuy 1 (Dupuy & Liu 2012; Liu et al. 2016; Dupuy & Kraus 2013) adding 238 L0 to T8 objects.
Comparison to published parallaxes
There are published estimates of the parallaxes for 66 PAR-SEC targets of which 24 were preliminary values from this program. The preliminary values were found using different reduction procedures and different epoch spans, hence we consider them as independent estimates. In Fig. 2 we plot 1 www.as.utexas.edu/~tdupuy/plx/ the 66 published values listed in Table 1 versus results presented here from Table 2 .
Only two objects, 0439-2353 and 0835-0819, have parallaxes that differ by more than three times the combined errors so warrant further consideration. For 0439-2353 Faherty et al. (2012) find 110.4 ± 4.0 mas while we obtain 79.75 ± 3.36 mas. The Faherty et al. observational coverage was 3 years with 14 nights while we have 8 years and 18 nights. We estimated the photometric parallax to be (∼80 mas) using the Vrba et al. (2004) absolute magnitude calibrations which is closer to the PARSEC estimate. The difference between the Faherty et al. parallax and the photometric parallax could be explained if the object is an un-resolved binary but the residuals show no non-linear motion and a spectroscopic investigation for binarity by Manjavacas et al. (2016) also found no evidence. We therefore consider our value more probable. For 0835-0819 we obtain 146.19 ± 2.82 from 35 observations over 8.9 years while Weinberger et al. (2016) find 137.5 ± 0.4 using observations in 17 epochs over 6.2 years. The difference is just over three times the combined error and the quoted error from Weinberger et al. (2016) is very low considering the observations were made on a similar system so we believe that the larger than 3σ difference is probably because the errors are underestimated.
For the 66 PARSEC dwarfs with published parallaxes we calculated the quantity
, where ̟ is the parallax, σ the quoted errors and the subscripts N and P represent the new and published values respectively. If the measures are unbiased and the errors are precise we expect this quantity to follow a Gaussian distribution with a mean of zero and a standard deviation of one. For the 66 common objects the mean is -0.1 and the standard deviation is 1.3. Applying the t-test at the 95% level we find the mean is not significantly different from zero, e.g. P(t)=0.06, while applying the F-test we find the σ is significantly different from one, e.g. P(F)=0.0001. Since the σ is greater than one the implication is that the errors are underestimated. The median PARSEC error is larger than the median published error even though the programs were often very similar, however, without a standard comparison it is difficult to isolate. The Gaia sample should allow a complete characterisation of the errors of different procedures which can then be applied to objects that are fainter than the Gaia limit in those programs.
Comparisons within binaries
Binary systems are a good test for parallax determinations and in particular for the quality assurance of errors. Components in binary systems can be considered to be at the same distance and if the system is a wide binary it is appropriate to make independent solutions. In the PARSEC sample there are 4 companions observable (e.g. in the field of view and not so bright that they saturate) and in Table 3 we reproduce the parallaxes and proper motions of the PARSEC targets and the companions determined in this program. No parallaxes or proper motions differ by more than 2σ between the PARSEC values or the published values but this sample is too small to test the precision of the error estimates.
PHOTOMETRIC CONSIDERATIONS

Internal photometry
During every observation we obtain precise relative photometry. The highest observation frequency for our objects was monthly so the sampling is not sufficient to find short period photometric variations but we can look for long term variations. For each object we transformed the magnitudes to the instrumental magnitude system of the base frame using the anonymous reference stars with iterative 3σ clipping and then found the linear correlation between instrumental magnitudes and observation time of the target. The slopes for most targets were within 3σ of zero but two objects, 0614-2019 and 1122-3916, were found to have significant slopes of 0.0079 ± 0.0021 and 0.0124 ± 0.0037 mag/yr respectively. For both objects the χ 2 sum of the two parameter fit was a statistically significant improvement over a one parameter fit. In Fig. 3 we reproduce the magnitude variation of these two objects over the observational sequence. Possible explanations for a long term photometric variation are discussed in Smart et al. (2017a) for Y dwarfs and in the K2 Ultracool Dwarfs Survey (Paudel et al. 2018 , and references therein) or the Weather on Other Worlds program (Miles-Páez et al. 2017 , and references therein) for L/T dwarfs.
Literature photometry
We compiled photometry on standard systems for the Full Sample from the large optical and infrared surveys: 2MASS (Skrutskie et al. 2006 (Ahn et al. 2014) . Using these surveys it was possible to obtain homogeneous magnitudes in bands ranging from Gunn G to W ISE W3 (the Gunn U and W ISE W4 bands were not included as the number of objects with reliable magnitudes was very low). The number of independent magnitude measures ranged from 3 to 16 with a mean of 10 per target.
For those objects with published parallaxes we took the weighted mean of the PARSEC and published value with no outlier rejection. The complete dataset of 356 objects with photometry and parallaxes is available online here.
Absolute magnitudes
In Fig. 4 we plot the absolute magnitudes of the PARSEC sample in the 2MASS J and W ISE W 2 bands vs nearinfrared spectral types. The crosses represent the PARSEC objects with propagated errors in the magnitude axis and an assumed error of 0.5 types in the spectral type axis. The grey area represents the one σ confidence limits of a second order fit to objects with published parallaxes. A fit to just the PARSEC sample is within one sigma of fits to the Full Sample in all magnitude bands. As a comparison we have plotted the polynomial relations derived in the studies of Dupuy & Liu (2012) , Faherty et al. (2016) and for H only Vrba et al. (2004) .
In Table 4 we report the polynomial fits of the absolute magnitudes to the published spectral types of the form:
where AbsM ag is the absolute magnitude in the passband indicated in column 1 of Table 4 ; P 1...P 3 are the parameters in columns 3-5 of Table 4 and SpT is the spectral type in numerical format, e.g. L0=70, L1=71 ... T5=85. The absolute magnitude in the passbands r to y refer to optical spectral types, the passbands J to W 3 refer to NIR spectral types. For each passband we removed any objects which were tagged as unresolved binaries or which had a ̟/σ < 5. and fitting was carried out using iterative outlier rejection of objects with residuals larger than three times the overall fit error.
The labeled objects in Fig. 4 , 0147-4954, 0357-4417 and 2101-2944, are more than 3σ from the mean absolute magnitude versus spectral type locus in at least two passbands. 0147-4954 was included as a L2 but was reclassified as a M9 in Marocco et al. (2013) , at this spectral type it is not over luminous. 0357-4417 is a known unresolved binary (Bouy et al. 2003) hence the brighter than average observed absolute magnitude. 2101-2944 is under-luminous at the 3σ level in the W 1 and 2MASS K bands but shows no underluminosity in other bands and its spectra does not show any sign of peculiarity (Marocco et al. 2013 ) so the underluminosity in these two bands is unexplained.
Spectral energy distribution analysis
Using the multi-band photometry and our distances we are able to generate spectral energy distributions (SEDs) for the PARSEC objects. While the SEDs contain less information than the spectra the instrumental differences in spectral observations render the SEDs globally more homogeneous. To compare these to models we made use of the VO SED Analyzer (VOSA, Bayo et al. 2008 ) which provides χ 2 and Bayesian fitting to an array of models and templates. For this data we adopted the χ 2 fitting to BTSettl models (Allard et al. 2012 ) with the following limits: 700 < T eff < 4000 K, 3.5 < log g < 5.5 and −1 < Fe H < 0.5. We also limited the absorption in the V band to 0.001 and turned off the excess fitting option as the non-black body distribution of the spectra of these objects was causing the excess fitting procedures to ignore the mid IR magnitudes.
As an example in Fig. 5 we plot the VOSA fit of 0227-1624 to the BT-Settl model spectra. 0227-1624 is a 16th z band magnitude L1/L0.5 object at 20 pc with a 8% error Figure 4 . PARSEC absolute magnitudes in the 2MASS H (top) and W ISE W 2 (bottom) bands versus near-infrared spectral types. The length of the symbol arms represent the error which for spectral types is assumed to be 0.5 types. The grey area represents one σ confidence limits for a fit to published objects using literature parallaxes. We have included as comparisons the polynomial relations from Dupuy and Liu (2012) , Faherty et al. (2016) , and for H only, Vrba et al. (2004) as indicated in the legend. Coefficients of polynomial fits to absolute magnitudes derived using parallaxes from Full Sample and large all sky photometry as described in Section 4.3. on the distance for which we have magnitudes in 11 bands. The model slightly underestimates the near and mid infrared bands but follows well for the optical bands. Reasons for this over luminosity are beyond the scope of this paper as it will require a more in depth study of the models and the fitting of VOSA. The Gaia G observation is plotted in orange because we manually removed it from the fit. We find the nominal G passband tends to over estimate the flux of the L & T dwarfs which can be seen in Fig. 5 . This systematic excess is also reflected in the model (the blue points) as this uses the G passband for the transformation, however, we felt this known systematic error made using the Gaia magnitude for the 38 objects in the Gaia DR1 to constrain the fits premature. The problem of the G passband is noted in the Gaia documentation 2 , and there is an empirical correction proposed (Maíz Apellániz 2017) .
In Fig. 6 we plot the RAD1 radius from the VOSA fits to BT-Settl models against the near-infrared spectral types. RAD1 is the "scaling radius", i.e. the radius required to fit the observations to the model based on the parallactic distance. From the PARSEC sample we removed all objects which are known or suspect unresolved binary systems and known or candidate moving group objects (see Section 5.3) leaving 60 objects. We removed the moving group objects as these are in general young and we wanted to be sure our sample was dominated by objects older than 1 Gyr. In Fig. 6 the targets plotted as diamonds are literature objects and the PARSEC sample are plotted as asterisks. The radius of objects with ages greater than 1 Gyr in this spectral range is predicted to be a minimum at the spectral type that corresponds to the hydrogen burning limit (e.g. Chabrier et al. 2009; Burrows et al. 2011) . Objects with earlier spectral types than this limit are in hydrostatic equilibrium and the radius decreases with the spectral type. Objects with later spectral types than this limit are degenerate and in this case the radius increases with the spectral type. Hence, we expect to find a minimum RAD1 that corresponds to the spectral type of objects at the hydrogen burning limit.
We experimented with a grid of trial spectral types fitting the RAD1 to the spectral type on either side of the trial value with simple straight line fits. In each fit we weight a common point given by the median around the trial value to guide continuity. As an example in Fig. 6 we have plotted the two line fit of the observations assuming a minimum at L6. We then calculate the minimum χ 2 of the combined fits, which formally occurs if we choose the trial value between spectral types L3 and L4, however there is no significant difference between L2 to L6, the minimum is not well defined. In Dieterich et al. (2014) for a smaller more refined sample they find the position of the minimum at L2.5 which is the early end of our window. In Dieterich et al. (2014) they use tailor made SED fitting that is calibrated with radii of objects with radii measurements from interferometric observations so we expect this to be a more robust estimate.
The larger sample we have included here is going to cover a range of ages, metallicities and masses and as discussed in Burrows et al. (2011) the position of the minimum is dependent on age and metallicity so as this is a mixed pop-2 gaia.esac.esa.int/documentation/ Figure 6 . Scaling radius (RAD1) in solar radii from VOSA BTSettl model fitting vs near-infrared spectral types. The asterisks represent the 60 PARSEC objects and the diamonds the 132 literature objects that are not suspect binary or moving group members. The error bar in the top of the graph is the median error from VOSA for RAD1. The two lines represent two simple straight fits of RAD1 to Spectral Type on either side of L6. The black bar represents the range of solutions where the χ 2 minimum did not vary significantly while the black circle is the minimum radius found by Dieterich et al. (2014) . The sample and fitting procedure are discussed in Section 4.4. ulation we do not expect to have a unique clear minimum. In addition, even for a given age the minimum may not be a single distinct value, for example in the case of halo UCDs there is a narrow mass range in which unsteady nuclear fusion occurs (Zhang et al. 2017) . If this occurs even over a smaller range for younger UCDs it would result in spreading out of the minimum. The general trend is of a steep dependence in the hydrogen burning regime and a flatter change in the degenerate regime predicted by Burrows et al. (2011) is however confirmed.
KINEMATIC CONSIDERATIONS
Solar motion and velocity ellipsoids
To calculate the U V W velocity components in the galactic reference frame in addition to position, proper motion and parallax we also require radial velocities. We follow the general procedure of Johnson & Soderblom (1987) except we use the transformation matrix from equatorial coordinate to galactic coordinates taken from the introduction to the HIPPARCOS catalogue (ESA 1997) . For the PARSEC sample 20 objects have published radial velocities and for the Full Sample 38. For the objects without radial velocities we estimate only the two components least impacted by assum- ing a zero radial velocity following the recipe in Lépine et al. (2013) . From the Full Sample of PARSEC and published L0-T8 dwarfs of 356 objects we obtained 284,306,180 U, V, W components respectively. To isolate those dwarfs that are part of the thin disk population we use 3σ clipping in each element and remove 34 objects from the Full Sample of 356 which includes 16 from the PARSEC subset. This is a simple efficient method for the removal of non thin disk and outlier objects. In Table 5 we report the mean and standard deviations of the velocity components for the PARSEC, published and Full Sample after this cleaning.
The velocities are all heliocentric so the mean velocity vector indicates the anti-motion of the Sun relative to this sample. From Table 5 we would estimate the Solar motion compared to the Full Sample to be (U, V, W ) = (5.4 ± 1.4, 12.6 ± 0.9, 7.6 ± 1.1) km s −1 which can be compared directly to the Sun's velocity components inferred by larger stellar groups, e.g. Schönrich et al. (2010) The lower values may be because of our stringent 3σ clipping or the fact that our sample are objects with parallaxes, which for a given spectral type are in general brighter, and hence often younger.
Age estimation
Wielen (1977) finds that dynamical heating provides a relation between observed velocity dispersion and mean age of a given stellar population. Rearranging the velocity-dependent diffusion equation 13 from Wielen for ages less than 3 Gyr we get:
where τ is the mean age, σ0 = 10 km/s and γν = 1.4 × 10 −5 (km/s) 3 yr −1 andσ |W |ν is total of the |W | weighted velocity components, σ |W |ν column in Table 5 . These are calculated using: Wielen (1977) . The sum of the |W | weighted velocities are 35.4 km/s for the PARSEC sub-sample and 34.1 km/s for all objects corresponding respectively to an age of 2.1 and 1.8 Gyr. Using equation 16 from Wielen for ages > 3 Gyr we also get an age of less than 3 Gyr, so equation 13 is more appropriate. These estimates of the age are younger than the ∼5.1 Gyr in Seifahrt et al. (2010) and the 3.4 ∼ 3.8 Gyr from Burgasser et al. (2015) with similar samples and procedures, though both studies benefitted from having radial velocities for all their target which we do not have. Our estimates are however in agreement with τ = 1.7±0.3 Gyr found in Wang et al. (2018) using a similar sample/procedure and also in Dupuy & Liu (2017) where the median age is 1.3 Gyr for L dwarfs from dynamical masses and luminosities combined with evolutionary models. The reason for this younger value may be, as before, a result of our sample cleaning or because we are dominated by brighter examples. The Gaia results should be complete to some limiting magnitude so it will be interesting to see what they reveal -especially since the full Gaia dataset will significantly constrain kinematically based ages.
Moving group membership
We used the packages LocAting Constituent mEmbers In Nearby Groups 3 (Riedel et al. 2017 , hereafter LACEwING) and Bayesian Analysis for Nearby Young AssociatioNs Σ 4 (Gagné et al. 2018; Malo et al. 2013; Gagné et al. 2014 , hereafter BANYAN Σ) to assess membership of our sample to known moving groups starting from the assumption that they are all field objects -e.g. that we have no spectral or colour evidence of youth. This assumption is a conservative starting point as some objects are known to have signs of youth and are often known moving group candidates as indicated by MG in column 6 of Table 1. Since we start from a conservative position our moving group candidate indication should be more robust and homogeneous.
The calculation of probability is different between LACEwING and BANYAN Σ, in the first case the probabilities are considered independent while in the second case the probabilities are required to sum up to 100%, i.e. the object is either in one of the included moving groups or it is a field object. This generally leads to LACEwING having lower probabilities. Based on a comparison of the objects that overlap we select as candidate moving group members those with 80% probability for BANYAN Σ and 50% for LACEwING. We find 20 objects from BANYAN Σ and 21 from LACEwING. The candidates that are not already published in the literature are listed in Table 6 along with the name of the moving group and the probability of membership. Most of these candidates do not have radial velocities, when these become available these probabilities should be revisited. Of the 13 PARSEC objects indicated in the literature as moving group members six were not confirmed by either procedure: 0357-4417 (Gagné et al. 2014 ), 1058 -1548 (Gagné et al. 2015b ), 1154-3400 (Gagné et al. 2015a ), 1547 -2423 (Gagné et al. 2015a ), 1707 -0558 (McElwain & Burgasser 2006 ), 2045 -6332 (Gálvez-Ortiz et al. 2010 . For three of these, 0357-4417, 1154-3400 and 1707-0558 the previous indication was made without a parallax which provides a strong new constraint.
CONCLUSIONS
We have presented parallaxes and proper motions for 118 objects. Using this new sample we have examined their photometric and kinematic properties. In the PARSEC sample we have identified candidate moving group members, found objects with long term photometric variations, estimated the age of a local sample of L & T dwarfs and confirmed global trends of the predicted radius versus spectral type variations. We expect the number of sub-stellar objects with known parallaxes to grow and the availability of statistically significant samples will allow us to strengthen the constraints on models and to search for fundamental calibrators.
Concurrent with this contribution there will be the second data release of the Gaia mission which will have parallaxes and proper motions for 1.3 billion sources and positions for a further 200 million 5 . For objects later than L0 the number in the Gaia results will be quite modest, 500-1500 L0 to L5 dwarfs and 100-300 L5 to L9 dwarfs and less than 10 T dwarfs (Sarro et al. 2013; Smart et al. 2017b; Theissen 2018) . In the first Gaia data release only 38 PARSEC objects were found and we do not expect there to be many more with parallaxes and proper motions in the second data release.
The PARSEC objects are at the magnitude limit of Gaia G = 21.3 (Gaia Collaboration et al. 2016a ) so these results will provide a first check on the Gaia results (Smart et al. 2017b ). The PARSEC observations of objects in the Gaia catalogue will more than double the temporal baseline allowing the search for unresolved companions at significantly longer orbits. The PARSEC results for the objects fainter than the Gaia limit will remain valuable complementing that mission for science at the stellar and brown dwarf boundary. Finally, in the case of fainter targets, the Gaia astrometry of the brighter anonymous field stars will also allow us to improve reductions using small field astrometry especially in the estimation of the correction from relative to absolute parallax that remains a constant floor to what can be achieved with small field astrometry. 
